We have previously reported the presence of three types of chitinase (acidic fish chitinase-1: AFCase-1, acidic fish chitinase-2: AFCase-2, fish chitinase-3: FCase-3) in Actinopterygii. In the present research, we report the identification of the novel chitinase genes HjChi (ORF: 1380 bp) and DkChi (ORF: 1440 bp) from the stomach of Chondrichthyes, Japanese bullhead shark (Heterodontus japonicas) and Kwangtung skate (Dipturus kwangtungensis), respectively. Organ-specific expression analysis identified the stomach-specific expression of HjChi, whereas DkChi was expressed widely in all organs. Chitinase activity was measured using pNP-(GlcNAc) n (n = 2, 3) as a substrate and β-N-acetylhexosaminidase (Hex) activity was measured using pNPGlcNAc. Relatively high values of chitinase activity were observed in the stomach, spleen, and gonads of the Japanese bullhead shark, H. japonicas, compared with that observed in the stomach of the Kwangtung skate D. kwangtungensis. However, Hex activity was detected throughout the body of both species. The optimal pH of chitinase in both the Japanese bullhead shark, H. japonicas, and the Kwangtung skate, D. kwangtungensis, were 3.5 -5.5 and 3.5 -4.0, respectively, and 4.0 for Hex in both species. Phylogenetic analysis revealed that Chondrichthyes chitinase forms a unique group (Chondrichthyes chitinase). These results suggested that the possibility of the formation of chitinase groups for each class in the phylogenetic analysis based on the observation of class-specific chitinase.
Introduction
Chitinase (EC 3.2.1.14) is an endo-chitinolytic enzyme that randomly hydrolyzes the β-1,4 glycosidic linkages of chitin to produce N-acetyl chitooligosaccharides ((GlcNAc) n ) [1] . β-N-acetylhexosaminidase (Hex, EC 3.2.1.52) is an exo-type chitin-decomposing enzyme that sequentially hydrolyzes terminal residues, resulting in the formation of N-acetyl-D-glucosamine (GlcNAc) [2] . After cellulose, chitin is the second most abundant biopolymer and is found in the exoskeleton of arthropods, the cell walls of fungi, and the epithelium of nematodes [3] .
(GlcNAc) n , a degradation product of chitin, displays various physiological properties based on the length of its carbohydrate chain; similarly, GlcNAc also exhibits useful physiological activity [4] . The aforementioned points are a clear indication of the potential for the application of chitin in a wide range of fields and the research on chitinase enzymes was invaluable to their efficient use. A wide range of functions is suggested by the distribution of chitinase throughout a wide range of organisms. For example, the enzyme has been found to play a physiological role in digestion in mammals and fish [5] [6], plant and mammalian host defense [7] [8] , and arthropod morphogenesis [9] [10].
It is reported that chitinase from marine animals displays characteristics that are unlike chitinase from other organisms. In particular, we made very interesting findings regarding chitinase in the stomach of fish that feed on organisms containing a chitin exoskeleton. For example, two or more kinds of chitinase isozymes have been discovered in the stomach of Actinopterygii, one of the most successful vertebrates on earth. The activity of these chitinase isozymes is dependent on an acidic pH and the crystalline α-chitin decomposition activity of these enzymes has been demonstrated to be superior to that of other organisms [6] . Two varieties of the chitinase genes were obtained from the stomach of the fish and subjected to phylogenetic analysis, based on the deduced amino acid sequence 2 fish-specific groups, acidic fish chitinase-1 (AFCase-1) and acidic fish chitinase-2 (AFCase-2) were identified [6] . In addition, chitinase activity has been observed in organs, excluding the stomach, in the class of fish classified as Actinopterygii [11] [12] , and a new group fish chitinase-3 (FCase-3), has been identified based on an isoform found in the stomach and kidneys [12] . In contrast, not even one chitinase gene of the AFCase-1, AFCase-2, and FCase-3 groups has been detected in the stomach of either Prionace glauca, classified as a Chondrichthyes, or the stomach of Latimeria chalmnae, classified as Sarcoptery-
Materials and Methods

Preparation of Samples
The Japanese bullhead shark H. japonicus and Kwangtung skate D. kwangtungensis were purchased from the fishing port in Miura City, Kanagawa Prefecture. Each organ was collected, washed with chilled distilled water, and stored at −80˚C until use. Each organ was homogenized with five volumes of 20 mM sodium phosphate buffer (pH 7.3) and centrifuged at 9000 ×g for 20 min at 4˚C.
The supernatant was filtered through filter paper to remove floating fat and used as the crude extract solution. The crude extract solution was stored at −80˚C until use.
Cloning of H. japonicas chitinasec DNA (HjChi) and D. Kwangtungensis chitinase cDNA (DkChi)
The sequences of all primers are presented in Table 1 . Total RNA was extracted from the stomach of H. japonicus and D. kwangtungensis using RNA extraction reagent (ISOGEN, Nippon Gene, Tokyo, Japan), in accordance with the manufacturer's instructions. The total RNA concentration and purity were measured using ultraviolet and visible spectrophotometry. cDNA was synthesized from 1.0 μg total RNA using a primer for reverse transcription (oligo dT) and cDNA synthesis kit (PrimeScript™ II First Strand cDNA Synthesis Kit, Takara Bio, Shiga, Japan), in accordance with the manufacturer's instructions. The internal sequences of HjChi and DkChi were amplified using the synthesized cDNA, DNA polymerase (Go Taq® Green Master Mix, Promega, Madison, USA), and degenerate primers were designed based on the conserved region of amino acid sequences of GH family 18 chitinases from several vertebrates, in accordance with the manufacturer's instructions. The forward and reverse primers were designed from the chitinase gene sequences obtained by the internal sequence amplification, and the upstream (5') and downstream (3') regions were amplified using the rapid amplification of cDNA ends (RACE) method. The 5' and 3' RACE Open Journal of Marine Science 
Organ-Specific Gene Expression
Total RNA was extracted from the organs of H. japonicus and D. kwangtungensis. cDNA was synthesized from 1.0 μg of total RNA obtained from each organ and an oligo dT primer; 1.0 μg of the synthesized cDNA was amplified using PCR and primers for HjChi, DkChi, and fish β-actin amplification primers. The PCR parameters were 30 cycles of denaturation at 95˚C for 30 s, annealing at 53˚C for 30 s, and extension at 72˚C for 20 s.
Chitinolytic Enzyme Activity Assay
Chitinolytic Activity was measured using p-
(Yaizu Suisan Kagaku Industry Co., Ltd., Shizuoka, Japan) as substrates in accordance with the method described by Ohtakara [15] , with slight modifications. 
Determination of Optimal pH
When 4 mMpNP-(GlcNAc) n (n = 1 -3) was used as a substrate, the optimal pH was determined by assaying enzyme activity. Specifically, the solution was incubated for 20 min at 37˚C in 0.2 M phosphate-0.1 M citrate buffer (pH 2.5 -8.0) using the same technique used for the measurement of chitinolytic activity.
Phylogenetic Analysis of HjChi and DkChi
Phylogenetic analysis based on the deduced amino acid sequences of HjChi and DkChi was performed using the chitinase genes obtained from many organisms.
The analysis was performed using ClustalW2 program (EMBL-EBI: The Euro- The computed pI/Mw tool was used to estimate the isoelectric point and molecular weight of the deduced amino acid sequence (HjChi and DkChi) of HjChi and DkChi, which were 8.52 and 51.6 kDa and 6.59 and 50.6 kDa, respectively.
Using the same calculation method, the isoelectric point and molecular weight of chitinase of R. typus were 8.33 and 51.0 kDa (DDBJ: XM_ 020535362) and P. glauca were 8.42 and 52.0 kDa (DDBJ: AB872008) [14] , respectively. For P. olivaceus, Actinopterygii, the isoelectric points and molecular weights of the chiti- domains, which enabled the full demonstration of domain function [22] . Therefore, based on enzymatic degradation, it was inferred that HjChi and DkChi possessed a rational structure. In contrast, a different scenario was predicted for the linker regions of AMCase [8] , fChi1, and fChi2 [16] , in which serine-containing repetitive sequences are present in addition to glycine. 
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Organ-Specific Gene Expression
Organ-specific expression analysis of HjChi and DkChi chitinase genes from the stomach, intestines, liver, kidney, spleen, and gonads of H. japonicas and D. kwangtungensis was performed (Figure 4) . HjChi was expressed only in the stomach of H. japonicas. This was similar to the observed expression conditions of digestion-related genes, classified as AFCase-1 and AFCase-2 in the stomach of Actinopterygii [16] . However, their expression in D. kwangtungensis displayed a similar profile to that of P. glauca [14] and Latimeria chalumnae [23] , with expression in all organs, including metabolic and detoxification organs such as the liver and kidney, hematopoietic organs such as the spleen, and hormone-secreting organs (endocrine organs) such as the gonads. The expression conditions of DkChi were similar to that of FCase-3 obtained from the kidney and expressed in various parts of the body of Sebastiscus marmoratus. These results suggested that, similar to fish chitinase classified as AFCase-1 and AFCase-2, HjChi is mainly responsible for the digestion of food H. japonicas. In D. kwangtungensis, DkChi was responsible not only for digestion, but is also involved in the metabolism of chitin oligosaccharides in the liver and kidney, and the possible role of biological defense is also suggested in the spleen and gonads for one variety of chitinase.
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Distribution of Chitinolytic Enzyme Activity
The distribution of chitinolytic enzyme activity in H. japonicas and D. kwangtungensis was investigated using pNP-(GlcNAc) n (n = 2, 3) as a substrate for the measurement of chitinase activity ( Figure 5(a) , Figure 5(c) ). The highest activity for pNP-(GlcNAc) 3 was observed in the gonads, followed by the stomach and spleen in H. japonicas. However, with the substrate pNP-(GlcNAc) 2 , the activity was remarkably low in all organs. Similarly, in D. kwangtungensis, the highest activity for the substrate pNP-(GlcNAc) n (n = 2, 3) was observed in the stomach and minimal activity against pNP-(GlcNAc) 2 was also detected in the liver. In H. japonicas, the activity of pNP-(GlcNAc) 3 was higher than pNP-(GlcNAc) 2 in almost all organs, and the chitinase displayed a similar degradation pattern to the chitinase encoded by the gene AFCase-2 [6] . In addition, chitinase activity observed in the stomach of the D. kwangtungensis was similar to that at the degradation site of the chitinase coded by the gene classified as an AFCase-1 [6] .
Glycoside family 18 catalytic domain
Chitinase activity is present in the lymphomyeloid tissue of the Chimaera monstrosa, in the esophagus and lymphomyeloidepigonal organs of Etmopterus spinax and Raja pulchra [13] , and in the stomach, liver, and spleen of Mustelus manazo [24] . These findings indicated that chitinase was found in most rays and sharks, where it participates in physiological roles. Organ expression analysis identified HjChi only in the stomach and chitinase activity in H. japonicas was thought to be a result of the chitinase encoded by HjChi. Further, chitinase activity in the spleen and gonads is thought to be a result of chitinase encoded by a gene other than HjChi. In contrast, DkChi was expressed in all organs of D. kwangtungensis, but chitinase activity was observed only in the stomach, and based on the feeding status of the three samples used in the current study, the possibility of adjustment for expression confined to the stomach exists. Conversely, Hex activity, which was measured using pNP-GlcNAc as the substrate, was detected in all organs, similar to previous reports [11] 
Determination of Optimal pH
The effect of pH on chitinolytic activity was determind in the stomach of the H. japonicus and D. kwangtungensis using pNP-(GlcNAc) n (n = 2, 3) as substrate ( Figure 6 (a), Figure 6 (c)). Optimal values of pH 5.5 and 5.0 for pNP-(GlcNAc) 2 and pNP-(GlcNAc) 3 , respectively, were observed in H. japonicas; for the same substrates in D. kwangtungensis, pH 4.0 and 3.5 were the optimal values, respectively. For both substrates, the relative activity in the stomach of H. japonicas and the D. kwangtungensis decreased to 50% or less of the maximal activity from pH 6.0 -6.5 to basic pH values. Further, in the investigation of the effect of pH on Hex activity, pNP-GlcNAc was used as the substrate, and the optimal pH for Hex activity was pH 4.0 in H. japonicas and D. kwangtungensis ( Figure 6 (b), Figure 6 (d)). The aforementioned results suggested that the optimal pH of stomach chitinase of H. japonicas and D. kwangtungensis was similar to that reported for the stomach of Actinopterygii [6] , and that it may be involved in feeding and digestion, based on the acidic environment because of the stomach acid. Open Journal of Marine Science 
Phylogenetic Analysis of HjChi and DkChi
In order to determine the systematic position of the chitinases of Chondrichthyes, HjChi and DkChi, discovered in this study, and that of other fish chitinases, we performed phylogenetic analysis based on the homology of the deduced amino acid sequence of family 18 chitinases of other organisms ( Figure   7 ). The accession number and the names of all organisms included in the phylogenetic tree are shown in Figure 7 . The results indicated that, similar to previous reports [6] 
